Objective: To investigate the clinical significance of the expression of MHC class I chain-related gene A (MICA) in patients with advanced non-small cell lung cancer and explore the relationship between MICA expression and the efficacy of cytokine-induced killer cell (CIK) therapy for treating advanced non-small cell lung cancer.
Introduction
Lung cancer is still the leading cause of cancer-related mortality in the world, and about 1.4 million people are diagnosed with lung cancer every year [1] . Approximately, 85% of all lung cancer cases are categorized as non-small cell lung cancer (NSCLC), and more than 50% of NSCLC patients have advanced local invasion and/ or distant metastases. In the last decade, many researches have focused on the immunological aspects of lung cancer. Immunotherapy has recently become the fourth important treatment modality for malignant tumors after surgery, radiotherapy, and chemotherapy [2, 3, 4, 5] .
The genesis and progress of a tumor are closely related to the response of the immune system. The theory of ''immunoediting'' has attempted to describe the complex interaction of a developing tumor with an evolving immune response. This is thought to include three phases; an elimination phase where the immune system destroys the tumor, an equilibrium phase where the tumor and immune system coexist, and an escape phase where the tumor evolves mechanisms to evade destruction by the immune system. Molecules that are up or down regulated during immunoediting may represent potential prognostic markers [6] . The major histocompatibility complex class I chain-related (MIC) proteins represent a novel family of highly glycosylated, membraneanchored MHC class I-like molecules. Although they share similar structure to classical class I heavy chains, MICA and MICB do not associate with b2-microglobulin or with the transporter associated with antigen processing (TAP) [7] . MIC proteins have a restricted tissue distribution and they are rarely expressed by normal cells. It has been reported that MICA is constitutively expressed by intestinal epithelial cells and is broadly expressed in a variety of malignancies. Therefore, it is considered to be a tumor associated antigen (TAA) [8, 9, 10] .
MIC proteins function as ligands for the stimulatory C-type lectin-like NKG2D receptor, first identified on NK cells and subsequently shown to be expressed on CD8+, ab and cd T-cells. NKG2D is a type II transmembrane glycoprotein that is expressed as a disulfide linked homodimer on the cell surface. It acts as an activating receptor after ligand binding, supporting the cytotoxic activity of NK cells and T cells against tumor cells [11, 12] . Tumor cells stably transfected to express MICA and the murine versions of the NKG2D ligands RAE-1 or H60 at high levels, are removed by CD8+ T cells and NK cells [13, 14] , which indicates that tumor cells over-expressing NKG2D ligands become more sensitive to immune cell-mediated cytolysis. Nevertheless, recent reports have identified a mechanism by which tumors appear to be able to subvert this surveillance mechanism. Soluble forms of MICA were identified to be shed by tumors and shown to cause downregulation of NKG2D by engaging with the receptor on tumor infiltrating lymphocytes (TILs), impairing T-cell function [15] . This study plans to examine advanced NSCLC cases to conduct a retrospective analysis exploring the association between MICA expression and the prognosis of advanced NSCLC patients.
Cytokine-induced killer (CIK) cells are a unique population of cytotoxic T lymphocytes with a characteristic CD3+/CD56+ phenotype, and they can be generated from cytokine cocktailinduced peripheral blood mononuclear cells (PBMC). These cells have shown higher proliferative and cytolytic activities compared with CD3-/CD56+ lymphokine-activated killer cells (LAK) [16] . At present, CIK cells are recognized as a new type of anti-tumor effector cell, with stronger anti-tumor activity and a broader spectrum of targeted tumors than other reported anti-tumor effector cells. Moreover, CIK cells can regulate and generally enhance immune functions in cancer patients [17, 18] . Current data from phase I/II studies on the anti-NSCLC effects of CIK cells are highly limited, and the therapeutic benefits of CIK cells are unknown in NSCLC patients. As targeted therapy and chemotherapy have made substantive breakthroughs in individualized treatment, we should explore the predictive factors of immune therapy to improve the effect of CIK therapy in NSCLC patients. Some studies have shown that the NKG2D receptor is highly expressed on the surface of CIK cells, and it is expected that a cytolytic effect can be mediated by the interaction between the NKG2D receptor on CIK cells and the MICA ligand on cancer cells [19, 20, 21] . So, theoretically, CIK cells can recognize MICA ligands on lung cancer cell membranes and kill the cancer cells. Whether high MICA expression can be used as a predictive factor of CIK therapy outcome still remains to be determined. We plan to study MICA expression and the effect of CIK therapy to determine if MICA expression is a predictive factor of successful CIK therapy.
Materials and Methods

Ethics Statement
All procedures were conducted in accordance with the Helsinki declaration, and with approval from the Ethics Committee of Fujian Provincial Cancer Hospital. Written informed consent was obtained from all participants.
Patients and Samples
Patients (n = 222) with advanced or locally advanced non-small cell lung cancer (III-IV phase) from the 12 th Department of Fujian Provincial Cancer Hospital were enrolled between December 2005 and December 2010. The key exclusion criterion was lack of sufficient tissue for immunohistochemistry (IHC). Key clinicopathological data were collected from these patients, including TNM stage, ECOG score, gender, and age. General patient information is shown in Table 1 . All tumors received following resection in the operating theatre or transbronchial lung biopsies or aspiration biopsies were immediately fixed and placed in 10% neutral buffered formalin, before processing and embedding in paraffin to ensure optimal tissue fixation and preservation for histological examination. The original histopathological slide sets and reports were obtained from each case, and these were reviewed to confirm the diagnosis and accuracy of the existing data, and to complete any information missing from the database wherever possible.
Treatments
Out of 222 patients 32 refused treatment after being diagnosed. The remaining 190 patients received treatments including chemotherapy, targeted therapy, radiotherapy, CIK treatment, and the best supportive symptomatic treatment. For cases of locally advanced lung cancer (22 cases with stage IIIA, 6 cases with stage IIIB) the treatment model consisted of preoperative induction chemotherapy, surgery, and postoperative adjuvant chemoradiotherapy. Four out of twenty-four patients received four cycles of supplementary CIK treatment (Table 2 ). Patients were given autologous CIK cell treatment after chemoradiotherapy. CIK cell treatment was given at 1-month intervals. The patients were eligible for CIK maintenance treatment until they no longer agreed to continue maintenance treatment or until disease progression occurred. For each treatment, patients were given an infusion of at least 1.0610 10 Table 2 . 38 patients treated with CIK. first-line, second-line, and third-line treatment. First-line chemotherapy used third-generation chemotherapeutic agents containing a platinum two-drug regimen. The second-line chemotherapy with single-agent docetaxel and pemetrexed was used more often than third-line chemotherapy and treatment was given according to the disease situation. EGFR-TKI therapy with 250 mg of gefitinib qd or 150 mg erlotinib was continued until disease progression or until toxicity could not be tolerated. There were 34 patients with advanced disease who received CIK treatment ( Table 2 ). CIK cell treatment was given at 1-month intervals. For each treatment, patients were given an infusion of at least 1.0610 10 CIK cells.
CIK Cell Preparation
CIK cells were isolated and cultured according to standard protocol. Peripheral blood (50 ml) is drawn from patients using heparin as an anticoagulant. Mononuclear cells were isolated by Ficoll-Conray density gradient centrifugation and their viability assessed by trypan blue exclusion. About 2.0610 6 /ml mononuclear cells were plated onto six-well dishes and cultured with Medium I containing RPMI 1640 plus 1.0610 6 U/L human interferon gamma (IFN-c), 5.0610 5 U/L recombinant human interleukin-2 (IL-2), 10% heat inactivated human serum, 25 mM HEPES, 2 mM L-glutamine, 100U/ml penicillin, and 100 mg/ml streptomycin. The cells were incubated in a humidified atmosphere with 5% CO 2 at 37uC. After 24 h, 100 mg/L monoclonal antibody (MAb) against CD3 and 1.0610 5 U/L IL-1a were added. After another 48 h, the supernatant was aspirated and the cells were cultured in Medium II; Medium I in the absence of INF-c. The medium was changed every three days. Cell viability was determined using trypan blue staining. CIK cells were transfused back into the donors following eight days of culture. All CIK cell cultures were tested for contamination (bacteria, fungi, and mycoplasma) throughout the study to assure culture quality and transfusion safety.
Phenotype analysis of CIK cells
The phenotypes of cultured cells were determined by flow cytometry (BD FACSCalibur). The cells were labeled with monoclonal antibodies (m Abs) that recognize human CD3, CD4, CD8, CD56, and NKG2D.
Immunohistochemistry
Immunohistochemical detection of MICA was performed by a routine streptavidin-biotin peroxidase technique employing the rabbit polyclonal anti-MICA antibody. Routine paraffin sectioning, dewaxing, and hydration using 3% hydrogen peroxide was performed to block endogenous peroxidase activity. Microwave antigen retrieval was done before blocking with fetal calf serum for 2 h. About 50 ml (1:25) of rabbit polyclonal anti-human MICA was added, and the mixture was incubated at 4uC overnight. About 50 ml of biotinylated goat anti-rabbit IgG secondary antibody working solution was added, and the mixture was incubated at 37uC for 30 min followed by diaminobenzidine coloration. The sample was counterstained with hematoxylin, washed with ethanol and hydrochloric acid, saturated with lithium carbonate until the color returned to blue, and then dehydrated with gradient alcohol and xylene before mounting with neutral resin.
The omission of primary antibody and its replacement with PBS was used as the negative control, and tumor infiltrating leukocytes were used as internal positive controls for MICA staining. A section of colorectal tissue which had been shown to be positive for MICA was also used as a positive control [22, 23] . 
Evaluation of immunostaining
Two independent pathologists examined the immunohistochemistry probed slides without any prior knowledge about the clinical history of the patients. MICA expression was evaluated according to staining intensity and scored as follows. The intensity of the immunostaining was classified into four categories: 0 = no staining or only a nonspecific background color, 1 = light yellow, 2 = yellow or deep yellow, and 3 = brown or tan. The percentage of positive cells was assessed semi-quantitatively and classified into five groups: 0 = #5% positive cells, 1 = 6%-25% positive cells, 2 = 26-50% positive cells, 3 = 51-75% positive cells, and 4 = 76%-100% positive cells. The histochemical score of immunoreactivity was obtained by adding the intensity and percentage scores. Histochemical scores were divided into two groups, cases with scores of 0-4 were defined as the low-expression group, and cases with scores of 5-7 were defined as the high-expression group. [23, 24, 25] .
Prognosis evaluation
The overall survival (OS) serves as the gold standard in evaluation of the therapeutic efficacy of tumor therapy, so we adopted OS when evaluating the prognosis. Patients were followed from the date of diagnosis of Stage IIIB/IV disease to the date of death. Patients without a known date of death were censored at the time of the last follow-up.
Statistical analysis
Statistical analysis of the data was performed using the SPSS package (version 13 for Windows). The chi-square test (Fisher's exact test) and Student's t-test were used to evaluate the differences in categorical variables and continuous variables, respectively. Patients whose death related to their lung cancer were considered in the disease-specific survival calculations. Those who died from non-lung cancer related causes without evidence of recurrence were censored at the time of death. The survival curves were estimated by the Kaplan-Meier method, and differences in survival were assessed by the log-rank test. Multivariate analysis by the Cox's proportional hazards ratio model was used to test the significance of prognostic factors including MICA expression, gender, age, histology, ECOG score, and CIK therapy. A pvalue,0.05 was considered as statistically significant.
Results
MICA expression
Immunohistochemical expression of MICA within the lung tumors was broadly homogenous. It combined granular cytoplasmic staining with cell membrane staining. No staining of stroma, extracellular matrix, or nuclei was observed, whereas tumor infiltrating leukocytes stained positive for MICA (Figure 1) .
Analysis of MICA expression in the 222 NSCLC cases revealed that 98.2% of the lung tumors showed positive staining for MICA. Forty-five (20.3%) of the samples demonstrated light yellow staining, 33.8% (n = 75) were yellow or deep yellow, and 44.1% (n = 98) were brown or tan color (Table 3) . A variable proportion of MICA-positive cells was also observed; 47.3% (n = 105) of the tumors showed extensive expression of MICA positive cells (76%-100%), whereas 1.8% (n = 4) of cases demonstrated MICA immunoreactivity in less than 5% of the tumor cells (Table 4 ). 
Comparison of MICA expression with patient and tumor characteristics
The histochemical score of immunoreactivity was obtained by adding the intensity and percentage scores. Cases with scores of 0-4 were defined as the low-expression group, and cases with scores of 5-7 were defined as the high-expression group. The lowexpression group included 84 cases (37.8%) and the highexpression group contained 138 cases (62.2%). Analysis utilizing the histochemical score method revealed statistically significant relationships between MICA expression and the staging of lung cancer, ECOG score, gender, and age. There was no significant correlation between MICA expression and pathological type (Table 5) .
Univariate survival analysis
Among 222 patients, there were 160 males and 62 females and the median overall survival was 13 months, 95% CI (11.918-14.082), and the 1-year survival rate and 2-year survival rate were 52.3% and 19.8%, respectively ( Figure 4A ). By univariate analysis, MICA expression, gender, age, TMN stage, ECOG score, and CIK therapy were all predictors for overall survival (all p,0.05), while the histological subtype was not (p = 0.544) ( Table 6 ). The median survival of patients with a high-expression of MICA was significantly shorter than those with a low-expression of MICA, p = 0.01 by log-rank test ( Figure 4B) .
To confirm the importance of the CIK therapy in the treatment of advanced NSCLC with high expression of MICA, we divided the 222 patients into a CIK group and control group. In subgroup analysis the medium OS (mOS) of patients in the CIK group with high expression of MICA was longer than the OS for patients with low expression of MICA (27 months vs. 13 months). In the control group, the mOS of patients with high expression of MICA was shorter than in patients with low expression of MICA (9 months vs. 18 months) ( Figure 4C ). Furthermore, COX regression analysis showed that the MICA expression has a significant effect on CIK therapy (p = 0.001).
Multivariate survival analysis
In multivariate analysis, MICA expression, gender, age, ECOG score and CIK therapy were independent prognostic factors ( Table 7) . We could see that the risk of death for patients with high Table 6 . Univariate analysis of factors associated with survival of patients with advanced non-small cell lung cancer. expression of MICA was 3.08 times higher than for patients with low expression of MICA. This suggests that the high expression of MICA was an indicator of poor prognosis in advanced NSCLC cancer patients. The interaction of MICA and CIK (p,0.0001), indicated that MICA overexpression was an independent predictor for successful CIK therapy. This was consistent with the results of the univariate subgroup analysis. We didn't introduce clinical stages into the multivariate analysis as the patients enrolled in our study were all advanced NSCLC cases.
Discussion
Therapy for advanced NSCLC has entered the era of individualized treatment. As immunotherapy for treating lung cancer is becoming available, it is now important to identify factors that predict which patients will respond best to immune therapy.
MICA is rarely expressed by normal cells although it has been reported that MICA is constitutively expressed by intestinal epithelial cells, and is broadly expressed in a variety of malignancies, such as breast, ovarian, colon, kidney, pancreatic, prostate cancer, hepatocellular carcinoma, and melanoma [8, 9, 10] . This retrospective analysis of 222 NSCLC tumors investigated the role of the stress related protein MICA as a prognostic marker in advanced NSCLC and explored the relationship between MICA expression and the efficacy of CIK therapy for treating advanced NSCLC. Analysis of MICA expression in the 222 NSCLC tumors revealed that immunohistochemical expression of MICA within the lung tumors was broadly homogenous. The majority of lung tumors in this study showed strong cytoplasmic and cell membrane expression of MICA, but normal lung epithelium did not express them. These findings suggest that the expression of MICA only occurs after malignant transformation during lung cancer development, which is consistent with other findings for many other malignancies. Hence, these molecules have the potential to be used as tumor markers for lung cancer. Andreas Busche et al. [26] detected MICA in 40 NSCLC cases by immunohistochemistry, and found that 5 out of 17 adenocarcinoma cases and 5 out of 23 squamous carcinoma cases had positive MICA expression, which meant that 27.5% of the NSCLC cases had positive MICA expression. The higher MICA expression seen in our patients might result from differences between populations and races or that all patients enrolled in our study were advanced cases while the 40 cases enrolled in Busche's study covered the range from stage I to stage IV. By chi-square test and an exact probability test, we found that patients with stage IV disease did exhibit significantly higher MICA expression than patients with stage III disease. Considering the results above, we inferred that the positive rate of MICA expression would increase as the stage of lung cancer advanced. But we still need to enlarge the sample size and enroll patients in every stage to test the hypothesis.
It is well known that the cytotoxic function of NK cells is directly activated by tumor cells, whereas CD8+ T cells require simultaneous pre-sensitization and HLA stimulation. Induciblesurface expression of MICA in response to stress or malignant transformation is thought to mark dysfunctional cells for elimination by cytotoxic lymphocytes via NKG2D-mediated mechanisms [27, 28] . Indeed, ectopic expression of NKG2D ligands by tumors induces perforin-dependent strong NK and cytotoxic T lymphocyte (CTL) responses in vivo [13, 29] . Previous studies have shown that MICA expression is an independent marker of a good prognosis in colorectal cancers and osteosarcomas [22, 30] . Conversely, upregulation of MICA is an independent indicator of poor prognosis in breast cancers [23] and MICA expression did not correlate with prognoses in ovarian cancer [24] . However, our study of advanced NSCLC has demonstrated a significant correlation between MICA expression and the staging of lung cancer. In survival analysis, patients with a poor prognosis were more likely to have high levels of MICA on their tumors than those with a good prognosis.
MICA expression on lung cancer cells is a two-edged sword. MICA is a stress-induced molecule that has been associated with immune surveillance. However, recent reports have identified a mechanism by which tumors appear to be able to subvert the immune surveillance mechanism. Tumor cells are known to constitutively express MICA protein on the cell surface; however, these cells also shed MICA in a soluble form, possibly through proteolysis [8, 15] . The shedding of soluble MICA is coupled with a concomitant reduction in NK cell surface expression of NKG2DL, leading to diminished immunostimulatory signals for cytotoxic lymphocytes [15] . In addition, soluble MICA is associated with a systemic down regulation of NKG2D expression on the surface of CD8+ T-cells and on cd T-cells, thereby further inhibiting the antitumor activity of these immune cells [31] . For lung cancer cells, MICA was mainly expressed in the membrane and cytoplasm. So it could be inferred that cancer cells with high expression of MICA in the membrane could block NKG2D receptors by releasing sMICA, and thereby evading immune rejection. This might be one of the reasons for the poor prognosis of lung cancer cases with high expression of MICA. Thereby, MICA may have variable effects on prognosis and on the biological behavior of tumors and influence tumor genesis and progression.
Cytokine-induced killer (CIK) cells are heterogeneous ex vivoexpanded T lymphocytes, with a mixed T-NK phenotype, that are able to exert a wide MHC-unrestricted antitumor activity against both solid and hematologic malignancies [18, 32, 33] , However, clinical studies with CIK cells are still in their infancy and only report on a relatively small number of patients in most of these studies. Currently, accumulated evidence suggests that the amplification and immune response of CIK cells are related to activating the receptor NKG2D signaling pathway [19, 20, 21, 34] . It has been shown that the highly expressed NKG2D receptor on CIK cells can interact with ligands, like MICA, on tumor cells and activate second messenger signaling pathways downstream from the NKG2D receptor. CIK cells bind to tumor cells through increased expression of NKG2D and its ligation stimulates CIK cells to release perforin, which plays a role in lysing tumor cells. The important implication is that CIK immunotherapy may not be limited to a specific type of cancer or HLA haplotype, extending the range of potential patients who could benefit from such an approach. Furthermore, CIK cells can circumvent an important tumor immune escape mechanism when tumor cells down-regulate HLA expression. Our laboratory has also confirmed that, except for CD4+ T-cells, the other CIK cells express NKG2D. Therefore, we expect that the majority of CIK cells can recognize the MICA ligand on the lung tumor cell membrane through their NKG2D receptor and become activated to kill the tumor cells.
Through the single-factor analysis of 222 cases of advanced non-small-cell lung cancer in our study, it was found that the CIK treatment had a significant effect on OS (p = 0.040). COX regression analysis showed that CIK treatment can be used as one of the independent prognostic factors for advanced non-small cell lung cancer patients. This study further analyzed the cases in subgroups and found that patients with high MICA expression had a significantly greater survival benefit from CIK treatment. Further COX regression analysis showed that, at the intersection of MICA and the CIK efficacy, the p-value is ,0.0001, which suggests that CIK treatment has a good effect in patients with high MICA expression and high expression of MICA can be used as a predictor for the efficacy of CIK treatment.
Our results are limited by the small number of CIK treated patients, the retrospective nature of the analysis, the variable number of treatment cycles, and the study lacks an evaluation of short-term effects. Therefore, a treatment model for MICA expression guided CIK for advanced non-small cell lung cancer patients needs further investigation with an expanded sample size in further prospective clinical studies.
In conclusion, the evaluation of MICA expression on tumors cells in patients with advanced non-small cell lung cancer would help to further determine the prognosis of the patient. Patients with high MICA expressing tumors have a relatively poorer prognosis, however, because of the interaction between the activating receptor NKG2D on CIK cells and MICA on the tumor cells, high expression of MICA can enhance the efficacy of CIK therapy and improve survival. This provides a new individualized treatment for future immunotherapy, and a theoretical basis for future prospective studies using an expanded sample size.
